Chapter 15, Problem 1.

Find the Laplace transform of:
(a) coshat (b) sinh at

[Hint: cosh x = %(eX +e‘x), sinh x = %(eX —e‘x).]

Chapter 15, Solution 1.
eat +e-at

(a) cosh(at) = 5

[ 1 1]
L[COSh(at)]ZELS—a+s+a :Szfaz

(b) sinh(at) = %

11 1] a
2Ls—a_s+aJ_ s? —a?

L[ sinh(at) | =

Chapter 15, Problem 2.

Determine the Laplace transform of:

(a) cos(awt +0) (b) sin(wt +60)

Chapter 15, Solution 2.

(a) f(t) = cos(wt) cos(0) — sin(wt) sin(0)
F(s) = cos(0) L| cos(wt) |—sin(0) L | sin(wt) |
scos(0) — msin(0)
s? + @?

F(s) =

(b) f(t) = sin(wt) cos(0) + cos(wt) sin(0)
F(s) = sin(0) L| cos(wt) |+ cos(®) L sin(wt) |
F(s) = ssin(0) — mcos(6)

52 + @2
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Chapter 15, Problem 3.

Obtain the Laplace transform of each of the following functions:
(a) e cos3tu(t) (b) e sin 4tu(t)

(c) e cosh 2tu(t) (d) e™ sinhtuf(t)

(e) te™" sin 2tu(t)

Chapter 15, Solution 3.

, S+2
(a) L [ e cos(3t)u(t) ] = m
‘ 4
(b) L [ e sin(4t)u(t) ] = m
(c) Since L[ cosh(at) ] =3 jaz
X s+3
L[ e~ cosh(2t) u(t) ] = m

(d) Since L[ sinh(at) ] =3 iaz

at 1
L[e' smh(t)u(t)]zm

©  Lletsin2t]=——>—
(s+1)*+4
If  f(t) < F(s)

tf(t) «—— jF(s)
ds

Thus, L[te"sin(2t)]= ﬁ[ 2((s+1)2+4)"]

2
(s+1)} +4)°
4(s+1)
(s+1)* +4)?

2(s+1)

L[ te™ sin(2t) ] =
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Chapter 15, Problem 4.

Find the Laplace transforms of the following:

(a) g(t)=6cos(4t—1)

(b) f(t)=2tu(t)+s5e " u(t-2)

Chapter 15, Solution 4.

=S

S _ 6se
(a) G(s)=6————¢ S —
s2 142 s> 116
-2s
2 e
b F(s)=—+5
(b) ©= 34513
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Chapter 15, Problem 5.

Find the Laplace transform of each of the following functions:

(a) t* cos(2t +30°)u(t) (b) 3t*eu(t)
(c) 2tu(t)—4%5(t) (d) 2e7u(t)
(e) 5u(t/2) (f) 6e"uft)

5(t)

Chapter 15, Solution 5.

scos(30°) — 2sin(30°)
s’ +4
d2 [ scos(30°)—1]
L[ t? cos(2t +30°) ] =15 'L 214

T el
=i{£(52+4 28[_S_I}S La) ]
(S—] Zs[f] (85%) fs—lJ

:s+4)2 ) (? }(sm)z

(a) L [ cos(2t +30°) ] =

——s-1

82
_\/gs—\/gs+2—\/§s+( ; )( 2

(sz+4)Z (sz+4)3
_ (3Bs+2)( +4) 438 -

(s +4)3 (s +4)3
8—12/35— 652 +4/3s°

(s2+4)°

L[ 2 cos(2t +30°) ] =
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ST TRl 5 P
®) [ ) ] (s+2)° (s+2)°

[ 1 2 2
© L 2tu(n-4— S(tJ S 10 =54

) 2D u(t)=2e" u(t)

L[2e<“>u(t)]—s+1

(e) Using the scaling property,

L[5u(t/2)]=5- L1 s, 1.2

1/2 s /(1/2) 25 s
®  Ueetum]=—or= 20
s+1/3  3s+1

(2) Let f(t) 8(t) Then, F(s)=1.

e |
L ar 8(t) L T J: s" F(s) —s™ £(0)—s"2 £'(0) —
1 a1 . .
L ar 8(t) Ldtn f(t)J 0" 0
L T 8(t) :_“
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Chapter 15, Problem 6.

Find F(S) given that

2t, 0<t<l1

ft)=4t, 1<t<2
0, otherwise

Chapter 15, Solution 6.
0 1 2
F(s)=[ f (e “dt=[2tedt+ 2 dt
0 0 1

—st —st

€
52

1
+2e
0 —s (1

2= (-st-1) = % (1-e°—se™)
S

Chapter 15, Problem 7.

Find the Laplace transform of the following signals:
() f(t)=(2t+4)u(t)

(b) g(t)=(4+3e u(t)

(c) h(t) = (6sin(3t)+8cos(3t))u(t)

(d) x(t)= (e_2t cosh(4t))u(t)

P

Chapter 15, Solution 7.

(@) F(s)=3%+i

S
®) G(s)= 2+
S s+2

(c) H(s)=6 3 Lg_S =8s+18

s2+9 sz+9 sz+9

(d) From Problem 15.1,

L{coshat} = > =
X (s) = s+22 I S+2
(s+2)"—4~ s +4s-12
2 4 4 3 8s+18 S+2
(a)_2+_:(b)_+ 9(0) 2 a(d) 2
s= S s s+2 g 49 s +4s—12

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 15, Problem 8.

Find the Laplace transform F(S), given that f(t) is:
(a) 2tu(t —4)

(b) 5cos(t)s(t—2)

(c) etu(t—t)

(d) sin(2t)u(t —7)

Chapter 15, Solution 8.

(a) 2t=2(t-4) + 8
f(t) = 2tu(t-4) = 2(t-4)u(t-4) + Su(t-4)

F(s) :%e*18 +§e‘48 = (%+§)e‘4s
S S s s

(b) F(s)= j f (t)edt =j 5costS(t—2)e *'dt =5coste™ )= 5c0s(2)e%
0 0

(C) e—t — e—(t—‘r)e—r
ft)=e e ut-r)
1 e—T(S+l)

F(s)=e e ™ ——=
(5) S+ s+1

(d) sin2t=sin[2(t—7)+27]=sin2(t—7)cos27 +cos2(t—7)sin 27
f(t)=cos2zrsin2(t—7)u(t—7)+sin 2z cos 2(t—7)u(t—7)

F(s)=cos2re™™ ———+sin2ze

s°+4 s’ +4

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 15, Problem 9.

Determine the Laplace transforms of these functions:
(@) f(t)=(t-4(t-2)

(b) g(t)=2e"u(t-1)

(c) h(t)=5cos(2t —1)u(t)

(d) p(t)=6lu(t-2)-u(t-4)]

Chapter 15, Solution 9.

(a)

(b)

(c)

(d)

£(t) = (t—4)u(t—2) = (t— 2)u(t—2)— 2u(t—2)
e—25 26—25
s2 g2

F(s) =

g(t)=2e*u(t-1)=2e*e*Pu(t-1)
o 28

)= et (s+4)
h(t) = 5cos(2t —1)u(t)

cos(A — B) = cos(A)cos(B) + sin(A) sin(B)
cos(2t —1) = cos(2t) cos(1) + sin(2t) sin(1)

h(t) = 5cos(l)cos(2t) u(t) + Ssin(1) sin(2t) u(t)

H(s) =5cos(1)-

st+4+55in(l)-
1y 27025 8415
=14 544

s’ +4

p(t) = 6u(t—2) — 6u(t —4)

6 6
P(s) = Ee'zs —ge"‘s
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Chapter 15, Problem 10.

In two different ways, find the Laplace transform of

g(t)= %(tet cost)

Chapter 15, Solution 10.

(a) By taking the derivative in the time domain,
g(t) = (-te* +e™)cos(t) — te™ sin(t)
g(t) =e" cos(t)—te™ cos(t)— te™ sin(t)

s+1 d s+1 d 1
G(S)Z 3 +— > + — —
(s+1)"+1 ds|(s+1)"+1| ds|(s+1)"+1
s+1 s? +2s 2s+2  s%(s+2)
s2425+2 (s2425+2)% (s2+2s+2)°  (s?+25+2)2

G(s) =

(b) By applying the time differentiation property,
G(s) = sF(s) - f(0)

where f(t)=te" cos(t), f(0)=0

Al s+l T ()52 +2s) s2(s+2)
G(S):(S)'EL(SH)Z +1J: (2 +25+2)%  (S%+25+2)2
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Chapter 15, Problem 11.

Find F(s) if:

(a) f(t)=6e" cosh2t (b) f(t)=3te™ sinh4t
(c) f(t)=8e"" coshtu(t —2)

Chapter 15, Solution 11.
(a) Since L[cosh(a‘[)]=

S

s?—a?

C 6(s+D)  B(s+1)
B = i 4" s2+25-3

a
(b) Since L[ sinh(at) ] = _a

©C) 12
s+2)2-16 s*+4s—12

2

L[3e sinh(4t) | = (

, -d
F(s) = L[ t-3e sinh(4t)] = E[ 12(s +4s—12)" |

5 5 24(s+2)
F(s)=(12)(2s+4)(s” +4s—12)~ = m

()  cosh(t) = % (e +e)

f(t) = 8e™ % (' +et)u(t—2)

=4eu(t-2)+4e*u(t-2)
=4t e u(t-2)+4ete P u(t-2)

L[4e* e u(t-2) =de e Lle? u(t)]

4e-(25+4)
Ll4e* e u(t—2)|=
et ey 2] - 2
4e—(25+8)
Similarly, L{4e®e*? u(t-2)|=
imilarly [ e’ e u( )] i d

Therefore,
4e Bt 4o po(2+6) [ (4e? +4e?)s+(16e? +8e™ )]
+ =
s+2 s+4 s2+6s+8
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F(s) =




Chapter 15, Problem 12.
If g(t)=e™ cos4t find G(s).

Chapter 15, Solution 12.

S+2 S+2

G(s)= =
) (s+2)°+4° s’ +4s5+20

Chapter 15, Problem 13.
Find the Laplace transform of the following functions:

sin [t u(t)

(a) t cos tu(t) (b) e'tsintu(t)  (c) t

Chapter 15, Solution 13.
(a) tf(t) «—> —% F(s)

S

sz+1

(s% +1)(1) —s(2s)
(s? +1)?

If f(t) = cost, then F(s)=

and - iF(s): -
ds

21
L(tCOSt) =ﬁ
(s*+1)

(b) Let f(t) = ¢" sint.
1 1
F(s)= =
®) (s+1)°+1 s> +2s+2
dF  (5® +25+2)(0)~ (D25 +2)
ds (s> +2s+2)°
dF 2As+1)

Letsint)y=—— =——"7
( ) ds (s> +2s+2)°

f(t) T
©) —— <> !F(s)ds

14

s* + 7

l{smﬁt}zj‘ 2,3 zdSZﬂltan‘li wzﬁ_tan—li:tan-lﬁ
t ] 1s+p B Be 2 p >

Let f(t)=sin/t, then F(s)=
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Chapter 15, Problem 14.

Find the Laplace transform of the signal in Fig. 15.26.

f@
10

0 2 4 6 t
Figure 15.26

For Prob. 15.14.
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Chapter 15, Solution 14.

Taking the derivative of f(t) twice, we obtain the figures below.

(1)
SA
0 ot
2 4 6 "
-2.5
£°(t)
156 2.58(t-6)
0 2 6
-7.58(t-2)

£ = 55(t) — 7.55(t-2) + 2.55(t-6)

Taking the Laplace transform of each term,

-2s e—6s

s’F(s)=5—7.5¢ =+ 2.5¢ ® or F(s) = 3_758 2.5
S S S

Please note that we can obtain the same answer by representing the function as,

f(t) = Stu(t) — 7.5u(t-2) + 2.5u(t-6).
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Chapter 15, Problem 15.

Determine the Laplace transform of the function in Fig. 15.27.

W4 4/

5
0 1 2 3 4 5 6 T

Figure 15.27
For Prob. 15.15.

Chapter 15, Solution 15.

This is a periodic function with T=3.
F.(s)
F(s)=—!
( ) 1 _ e—3$
To get Fi(s), we consider f(t) over one period.

fi(g £’ (t) fi”(t)
A R
5 5
— —— “58(t)
0 1 t 0 1 t 0 ll t
—55(t-1
1) —58(t-1)
-50’(t-1)

17 = 58(t) —58(t—1) — 58°(t-1)
Taking the Laplace transform of each term,
s’Fi(s)=5—5¢°—5se™ or Fi(s)=5(1—e*—se®)s’

Hence,
_~7S _ =S
R = 5150 =%
s*(1—-e°%)

Alternatively, we can obtain the same answer by noting that f;(t) = Stu(t) — Stu(t-1) —
Su(t-1).
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Chapter 15, Problem 16.

Obtain the Laplace transform of f(t) in Fig. 15.28.

F@OA
5

0 1 2 3 4 t

Figure 15.28
For Prob. 15.16.

Chapter 15, Solution 16.
f(t)=5u(t)-3u(t—1)+3u(t—3)-Su(t—4)

1 - -3 -4
F(s)=g[5—3e5+3e s _Ges
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Chapter 15, Problem 17.

Find the Laplace transform of f(t) shown in Fig. 15.29.

J@O A

2

0 1 2 1(s)

Figure 15.29
For Prob. 15.17.

Chapter 15, Solution 17.

Taking the derivative of f(t) gives f’(t) as shown below.
(1)

L 20(t)

»

.

S(t-1) - 8(t-2)

£2(t) = 28(t) — 8(t—1) — 8(t-2)
Taking the Laplace transform of each term,
sF(s)=2—e¢*—¢ ™ which leads to

F(s)=[2-e*—e™/s

We can also obtain the same answer noting that f(t) = 2u(t) — u(t-1) — u(t-2).
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Chapter 15, Problem 18.

Obtain the Laplace transforms of the functions in Fig. 15.30.

g A
3

2+

1

@) (b)
Figure 15.30

For Prob. 15.18.

Chapter 15, Solution 18.

(@  gt)=u®)—u(t—D)+2[ut-1)—u(t—2)|+3[ut-2)-u(t-3)|
=u(t)+u(t—-I)+u(t—2)—3u(t-3)

1
G(s) = §(1+ e°+e> -3e¥)

()  h(t)=2t| u(t)—u(t-1]+2| ut=1)—u(t-3)|
+(8=20)| u(t—3)—u(t—4)]

=2tu(t)-2(t—-Du(t-1)—-2u(t-1)+2u(t—-1)—2u(t-3)
—2(t=3)u(t-3)+2u(t-3)+2(t—4)u(t—4)

=2tu(t) = 2(t—Du(t—1)—2(t = 3)u(t —3) + 2(t —4)u(t — 4)

2 2 2 2 s -3s -4s
H(s)=s—2(l—e's)—s—2e'3s+s—2e'4 :5—2(1_9 —e % 4e)
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Chapter 15, Problem 109.

Calculate the Laplace transform of the train of unit impulses in Fig. 15.31.
f@

Li1l)

0 2 4 6
Figure 15.31

For Prob. 15.109.

t

Chapter 15, Solution 19.

Since L|8(t)]=1 and T=2, F(s)= e

Chapter 15, Problem 20.

The periodic function shown in Fig. 15.32 is defined over its period as

sinzt, O<t<l1
ot

0, I<t<2

Find G(s)

g0 ly\
ANA
0 1

2 3t

Figure 15.32
For Prob. 15.20.

Chapter 15, Solution 20.
Let g,(t)=sin(nt), O0<t<l1

= sin(nt)[ u(t) —u(t — 1]

= sin(nt)u(t) —sin(nt)u(t —1)
Note that sin(nt(t —1))= sin(nt — 1) = -sin(nt) .
So, g,(t) = sin(wt)u(t) + sin(m(t-1))u(t-1)

7T
G1(5)=m(l+e's)

G(s)  m(l+e?)
l1-e>  (s2+xw?)(1-e?)

G(s) =
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Chapter 15, Problem 21.

Obtain the Laplace transform of the periodic waveform in Fig. 15.33.

10
IN\I\J\

0 27 4w om

Figure 15.33
For Prob. 15.21.

87t

Chapter 15, Solution 21.

Let

T=2x
f (1) = (1 —ij[u(t) ~u(t-2m)]
2n
£ (6) = u(t) =~ u(t) + 2= (t = 2m) u(t - 27)
27 27

-2ms
1 1 2 -1
Fl(S)=—— +e _ TES+| +¢€

S 27rs2 27552 27ts2

-27s |

F(s) 2ms — 14 ¢ 2™
1- e'TS 27[52 (1 _e—2TES)

F(s) =
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Chapter 15, Problem 22.

Find the Laplace transforms of the functions in Fig. 15.34.
h(o) A

20 3
2
1

1
0 1 2 3t 0 1 2 3 4 5t

(@ (b)
Figure 15.34

For Prob. 15.22.

Chapter 15, Solution 22.
(a) Let g (t)=2t, O0<t<l
= 2t[u(t)—u(t-1)]
=2tu(t)—2(t—=Du(t—1)+2u(t-1)

2 2e” 2
Gl(s):s—z— 2 +;e
G,(s)

G(s) e T
2(1—e® +se”®)

G(s) =

®) s?(1-e”)

(b) Let h=h, +u(t), where h, is the periodic triangular wave.
Let h, be h, within its first period, i.e.

. {2t 0<t<l
(0= 4-2t 1<t<?2

h, (t) = 2tu(t) - 2tu(t— 1)+ 4u(t— 1) — 2tu(t—1)— 2(t - 2) u(t - 2)
h,(t) = 2tu(t) - 4(t—Du(t—1)— 2(t— 2)u(t - 2)

2 4 2e® 2 o
Hl(s)zs_z_s_ze g 25—2(1—6)
2 (1-¢*)?
HO(S)_S_2(1 eZS
H(s) = 24 2028
VT (1—e®)
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Chapter 15, Problem 23.

Determine the Laplace transforms of the periodic functions in Fig. 15.35.

f®
1

0

-1+

Figure 15.35

For Prob. 15.23.

Chapter 15, Solution 23.

(a)

(b)

O0<t<l1

1
Let f‘(t):{-l l<t<?2

f,(t) =] u® —ut -]~ ut-1)-u(t-2)|
f (t)=u(t)—2u(t—1)+u(t-2)

1 - 2 1 )
Fl(s):g(l—265+e S)zg(l—es)

Fi(s) _
F(S):m, T=2
_ (1-e®)?
R = s(l-e®)

Let  h,(t)=t*[u®)-u(t-2)]=t>u(t)- 2 u(t-2)
h,(t)=t*u(t)— (t—2)*u(t—2)—4(t-2)u(t—2)—4u(t—2)

2 4 4

H () ==(I-¢e*)—-—Fe>*——e™
S S S
H,(s)

H(s)=———, T=2

(S) (l_e.’]'s)’
2(1-e®)—4se®(s+s?)

H(s) =

(S) 53 (1_ e—Zs)
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Chapter 15, Problem 24.
Given that
(5)= s’ +10s+6
s(s+1)’(s+3)
Evaluate f(0) and f(c0) if they exist.

Chapter 15, Solution 24.
2 2 3
f(O)—thF(S)—l $"+10s+6 im 1/s+10/s"+6/s :929
w(s+1) (s+2) so= (1+1/s5)(1+2/s) 1
(oo)—hmsF(S)—h s +10s+6 6 3
50 (s+1)2(s+2)  (1)(2)

Chapter 15, Problem 25.

Let

F(S):( 5(S+1)

(5+2)s+3)

(a) Use the initial and final value theorems to find f(0) and f (oo).
(b) Verify your answer in part (a) by finding f(t), using partial fractions.

Chapter 15, Solution 25.

(@) f(0)=limsF(s)=lim SSEHD A 5
w(s+2)(s+3) s> (1+2/8)(1+3/5)

" 5s(s+1)
f( )_thF(S)_ls_,o—(s_,_p_)(S+3) 0

©) Fy-_6*D __ A B
(5+2)(5+3) S+2 S+3
A= _ 5 g2y
1 -1
F(s)= - 10 > f(t)=-5¢+10e™"
S+2 s+3
f(0)=-5+10=5
f(o)=-0+0= 0.
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Chapter 15, Problem 26.

Determine the initial and final values of f(t), if they exist, given that:

s’ +3

@ F)= e e
s*—2s5+1

®) Fls)= (s-2)(s* +2s+4)

Chapter 15, Solution 26.

@  £(0) = limsF(s) = lim—"25 _ 1
a) —Sl_l;l;}s S _sl—l;gs3+4sz+6_—

Two poles are not in the left-half plane.
f(o0) does not exist

s —2s? +s
b)  £(0)=limsE(s) = i
(®)  1O)=lmsFE) = lm = & 251 4)
1_E+i2
=lim S S =1

AT
S S S

One pole is not in the left-half plane.
f(o0) does not exist
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Chapter 15, Problem 27.

Determine the inverse Laplace transform of each of the following functions:

1 2
(a) F(S):g-i'm
) 6(s)-2"
4
(c) H(S)Zm
12
B {eR)
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Chapter 15, Solution 27.
(@  f(t)=u(t)+2eTu(t)

b G _3(s+4)—11_3 11
(®) (s) = s+4 Bl s+4

g(t) = 38(t) - 11e*u(t)

4 A B
©  HO= 13 st1 543
A=2, B=-2
)
H(S)=a—m

h(t) = 2e* —2e™ u(t)

(d) I(s) = 12 = A + B + ¢
(s+2)*(s+4) s+2 (s+2)* s+4

12 12
270 Ty
12=A(s+2)(s+4)+B(s+4)+C(s +2)*

=3

Equating coefficients :

s’: 0=A+C —> A=-C=-3

s': 0=6A+B+4C=2A+B —— B=-2A=6
s 12=8A+4B+4C=-24+24+12=12

-3 N 6 N 3
s+2 (s+2)* s+4

J(s) =

j(t)y=3e™ —-3e* +6te?u(t)
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Chapter 15, Problem 28.

Find the inverse Laplace transform of the following functions:
20(s +2)

(@) F(s)= s(s? + 65 +25)
6% +36s+ 20
® )= e s 216 +3)

Chapter 15, Solution 28.
20(s+2 A Bs+C
@ Fo=a D A, BSEE
S(S"+6S+25) s S +65+25

20(s+2) = A(s” +65+25s)+Bs* +Cs
Equating components,

s” 0 =A+B or B=-A
S: 20=6A+C
constant: 40-25A or A=28/5, B=-8/5, C=20- 6A=52/5
8 52 8 24 52
] _ESJF? ] —g(s+3)+?+?
FS)=—+——=—

+
55 (s+3)*+4> S5s (s+3)° +4°

f(t)= §U(t) —%e“ cos 4t —i—%e3t sin 4t

2
(b) P(s)= 65° +365+20 _ A N B N C
(s+1)(s+2)(s+3) s+1 s+2 s+3
. 6-36+20
(-1+2)(-1+3)
_24-72+20
(=D(1)
~ 54-108+20
(=2)(-1
P(s) = -5 N 28 B 17
S+1 s+2 s+3

p(t) = (=5e" +28e" —17e " )u(t)
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Chapter 15, Problem 29.

Find the inverse Laplace transform of:
25+26

V(s)=
) s(s? +4s+13)

Chapter 15, Solution 29.

V(S)=g+%;252+85+26+As2+Bs=25+26—>A:—2andB:_6
S (s+2)°+3

2 2s+2) 2 3

S (s+2)2+3% 3(s+2)%+32

V(s) =

v(t)=(2- 2¢ 2 cos3t —%e_Zt sin3t)u(t), t>0
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Chapter 15, Problem 30.

Find the inverse Laplace transform of:

_65° +85+3

~s(s? +25+5)

S*+55+6
(s+1)°(s+4)

10
© Fils)= (s+1)s> +45+8)

(@) F.(s)

(b) F,(s)

Chapter 15, Solution 30.

6s*+85+3 A

Bs+C

S(s>+25+5) s

(@ F(s)=

s’ +25+5

65> +85+3=A(s*+2s+5)+Bs*+Cs
We equate coefficients.

$° 6=A+B

S: 8=2A+C

constant: 3=5A or A=3/5

B=6-A =27/5, C=8-2A = 34/5

F(s)= 3/5 N 27s/5+34/5 _ 3/5 N 27(s+1)/5+7/5

s s?+25+5 s

(s+1)°+2°

f(t)= {E +£e’t cos 2t + le’t sin 2t} u(t)
5 5 10
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2
(b) F,(5) = S +255+6 _ A N B - C
(s+1)°(s+4) s+1 (s+1)° s+4
S +55+6=A(s+1)(s+4)+B(s+4)+C(s+1)’

Equating coefficients,

$2: 1=A+C

S: 5=5A+B+2C

constant: 6=4A+4B+C

Solving these gives
A=7/9, B=2/3, C=2/9

7/9  2/3 2/9
F,(s)= + >+
s+1 (s+1)° s+4

7 2 2
f()=|—e'+Zte +=e™ |u(t
() {9 3 5 }()

10 A Bs+C
(C) F3(S): 2 = + 2
(s+1)(s"+4s+8) s+1 s +4s+8
10= A(S> +4s+8)+B(s* +5)+C(s+1)

st 0=A+B or B=-A
S: 0=4A+B+C
constant: 10=8A+C
Solving these yields
A=2, B=-2 C=-6
F o (s)= 2 N 2s-6 2 2(s+D) 4

S+1 S +4s+8 s+l (s+1)2+27 (s+1)2+22

f3(t) = (2" = 2e”'cos(2t) — 2e”'sin(2t))u(t).
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Chapter 15, Problem 31.

Find f(t) for each F(S):
10s
s+1)s+2)s+3)

2s” +4s+1
(s+1)s+2)

s+1
(s+2)s* +25+5)

(a) (
(b)

(©)

Chapter 15, Solution 31.

~ 10s A .\ B .\ C
S (s+DGE+2)(s+3) s+l s+2 s+3

(@  F(s)

A=F(s)(s+1)|_, ='T= -5
B=F(s)(s+2)[,_, == 20
-30
C=FE)(+3),y=— =-15
520 15

F(s) = -
(s) s+1+s+2 s+3

f(t)= (-5¢ +20e 2 —15e3Yu(t)
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252 +4s+1 A B C D

® PO =652 Tsal 542 (5127 (512
A=F@) s+, =-1
D=F@s)(s+2)°|,_, =-1

2s* +4s+1=A(s+2)(s* +4s+4)+B(s +1)(s* +4s+ 4)
+C(s+1)(s+2)+D(s+1)

Equating coefficients :

s: 0=A+B —— B=-A=1

s?: 2=6A+5B+C=A+C —— C=2-A=3

s': 4=12A+8B+3C+D=4A+3C+D
4=6+A+D ——> D=-2-A=-1

s 1=8A+4B+2C+D=4A+2C+D=-4+6-1=1

I I S 1

Vsl 512 (542 (s+2)
2

flty=-e' +e™ +3te™ ——e™

2

2
f(t)= (-t + [1 +3t— t?] e?Hu(t)

s+1 A Bs+C
= +
(s+2)(s*+2s+5) s+2 s*+2s+5

()  F@E)=

s=-2 = 5
s+1=A(s>+2s+5)+B(s* +2s)+ C(s +2)
Equating coefficients :

A=F(s)(s+2)

1
s?: 0=A+B —> B:-A:g
s': 1=2A+2B+C=0+C —— C=1

s [=5A+2C=-1+2=1

5 USss+l U5 USGsD) 4
s+2 (3+1)2+22 s+2 (s+1)2+2% (s+1)?+2?

F(s) =

f(t) = (-0.2e2' +0.2e cos(2t) + 0.4¢ ™ sin(2t))u(t)
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Chapter 15, Problem 32.

Determine the inverse Laplace transform of each of the following functions:
@ 8(s+1)s+3) s?—2s+4 © s? +1
s(s+2)s+4) (s+1)s+2) (s+3)s> +4s+5)

Chapter 15, Solution 32.

86D+ A B C

@ FO= )14 s s+ sea
A:F(s)sszoz%ﬁ
B:F(s)(s+2)s_2=%=2
C=F(s)(s+4)5=.4=%=3
NI

s s+2 s+4
£(t) = 3u(t)+ 26 + 3¢
s?—2s+4 A B C

(b)  F(s)

= = + +
(s+D(+2)* s+l s+2 (s+2)>
s?—2s+4=A(s>+4s+4)+B(s* +3s+2)+C(s+1)

Equating coefficients :

s’: 1=A+B —— B=1-A

s':  -2=4A+3B+C=3+A+C

s: 4=4A+2B+C=-B-2 ——> B=-6

A=1-B=7 C=-5-A=-12

7 6 12
s+1 s+2 (s+2)°

F(s) =

f(t)= 7Tet —6(1+2t)e?
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_ s?+1 A . Bs+C
T (s+3)(s2+4s+5) s+3 s +4s+5

() F()

s?+1=A(s*+4s+5)+B(s? +3s)+ C(s+3)

Equating coefficients :

s’: 1=A+B —— B=1-A

s': 0=4A+3B+C=3+A+C —— A+C=-3
s: 1=5A+3C=-9+2A —— A=5

B=1-A=-4 C=-A-3=-8

5 4s+8 5 4(s+2)
s+3 (s+2)2+1 s+3 (s+2)2+1

F(s) =

f(t) = 5e* —4e? cos(t)
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Chapter 15, Problem 33.

Calculate the inverse Laplace transform of:

® 6(s—1)

st —1

se™ ™ © 8

s?+1 s(s+1)’

(b)

Chapter 15, Solution 33.

(a)

(b)

(©)

6(s—1) 6 _As+B+ C
st—1  (2+D(s+1)  s2+1 s+l

F(s) =

6=A(’+s)+B(s+1)+C(s* +1)
Equating coefficients :
s’:  0=A+C — A=-C

st 0=A+B ——> B=-A=C
s?: 6=B+C=2B —— B=3
A=-3, B=3, c=3

3 -3s+3 3 -3s 3
+— = + 5+
s+1 s“+1 s+1 s +1 s“+1

f(t)= 3e™ +3sin(t) - 3cos(t))u(t)

F(s) =

-TS

F()—Se
AN

f(t) = cos(t—m)u(t—m)

F(s):L_é+B+ ¢ + b
s(s+1)* s s+l (s+1? (s+1)°
A=8, D=-8

8=A(s*+3s? +3s+1)+B(s* +2s? +s)+ C(s* +s)+ Ds
Equating coefficients :

s 0=A+B ——> B=-A

s?: 0=3A+2B+C=A+C —— C=-A=B
s':  0=3A+B+C+D=A+D —— D=-A
s: A=8 B=-8 C=-8, D=-8
SO S B

s s+1 (s+1)? (s+1)°

f(t)= 8[1-e* —tet —0.5t2e*]u(t)
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Chapter 15, Problem 34.

Find the time functions that have the following Laplace transforms:

s?+1 e +4e7% (s+1)™
F(s)=10 b) G(s)= H(s)=—
(@) F(s) " s’ +4 (b) G(s) s> +65+8 (©) H(s) s(s+3)s+4)
Chapter 15, Solution 34.
s2+4-3 3

F(s)=10+—=11-
(@) () =10+ s?+4 s?+4

f(t) = 118(t) — 1.5sin(2t)

e® +4e>

® =6

1 A ,_B
(s+2)(s+4) s+2 s+4

Let

A=1)2 B=1/2

G e‘s(l 1)2'28(1+1j
=—|—+— |+ ——
© =S\ 2t s54)72¢ 512514

g(t)=0.5 [ g2t _ e"‘“'l)] ut-1)+2 [ e2t2) _ e"‘“'z’] u(t-2)

© La XL A B C
© G S(543)5+4) s s+3 s+4

A=1/12, B=2/3, C=-3/4

H _(L 1,253 3/_4)-
O =125t 543 544/

2s

1 2 .., 3 j
— | = a3t _ 2 a4 -
h(t) (12+3e 4e u(t-2)
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Chapter 15, Problem 35.

Obtain f(t) for the following transforms:

@ F(S)z((wﬁ 0 Fls) == (9 Fls)- ( e

s+1)s+2) 52 455+4 s+3)s? +4

Chapter 15, Solution 35.

B s+3 A N B
S (s+D(B+2) s+1 s+2

(a) Let G(s)

2t

2
G(s)=——~-

—_— t)=2et' —¢"
s+1 s+2 &(t) © ©

F(s)=e® G(s) —— f(t)=g(t-6)u(t—06)

£(t) = [ 269 — 2] u(t-6)

1 A B

®)  Let GO =T 52 "5+l s+4

A=1/3, B=-1/3

1 1
3(s+1) 3(s+4)

G(s) =

1
g®=-le" e

F(s) = 4G(s)—e™ G(s)

f(t)=4gt)u(t)—gt-2)u(t-2)

4 1
f(t) = g[e't —e“u(t)- E[e'“'z) — e"‘“'z’] u(t-2)
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S A Bs+C
= -
(s+3)(s*+4) s+3 s*+4

() Let G(s) =

A=-3/13
s=AG*+4)+B(s? +3s)+C(s+3)

Equating coefficients :

s’: 0=A+B —— B=-A
s':  1=3B+C

s’ 0=4A+3C

A=-3/13, B=3/13, C=4/13

-3 3s+4
B6e =53 e 1a

13g(t) = -3¢ +3cos(2t) + 2sin(2t)
F(s) =¢* G(s)

f(t) = g(t—Du(t-1)

f(t) = %[- 363D 1 3¢0s(2(t — 1)) + 2sin(2 (t— 1) u(t - 1)
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Chapter 15, Problem 36.

Obtain the inverse Laplace transforms of the following functions:

B 1
@ X(5)= s?(s+2)s+3)
1
(b) Y(S)ZW
(©) 2(s)= !

s(s+1)(s* +6s+10)

Chapter 15, Solution 36.

G 1A B _C D
@ S)_sz(s%rZ)(s+3)_s s’ s+2 s+3
B=1/6, C=1/4, D=-1/9

I1=A(s®+5s? +6s)+B(s? +55+6)+C(s* +3s?)+ D(s* +2s?)

Equating coefficients :

s’:  0=A+C+D

s’:  0=5A+B+3C+2D=3A+B+C
s': 0=6A+5B

s  1=6B ——> B=1/6

A=-5/6B=-5/36

536 16 14 1/9
X(s) = L
(s) S +s2+s+2 s+3

-5 1 1 1
x() = e u(t) +€t+ze“’-t —§e‘3‘
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b Y= = B C
®) (S)_s(s+1)2_s s+1 (s+1)?
A=1, C=-1

1=A(s*+2s+1)+B(s* +s)+Cs

Equating coefficients :
s?: 0=A+B ——> B=-A
s':  0=2A+B+C=A+C ——> C=-A
s 1=A, B=-1, C=-1
I 1 1

YOS T sy

y(t)=u(t)—e* —te™

) 7 _é+ B N Cs+D
(c (S)_s s+1 s>+6s+10

A=110, B=-1/5
1=A(s’ +7s> +16s+10)+ B(s® + 65 +10s) + C(s* +s*)+ D(s* +5)

Equating coefficients :

s’ 0=A+B+C

s’:  0=7A+6B+C+D=6A+5B+D

s': 0=16A+10B+D=10A+5B —— B=-2A

s 1=10A —— A=1/10

4
A=1/10, B=-2A=-1/5, C=A=1/10, D=4A=";
1 2 s+4
1OZ(S)zg_s+l+sz+6s+10
1OZ(s)=l— 2 + 543 + 1
s s+l (s+3)°+1 (s+3)°+1

z(t) = 0.1[ 1-2e* +e™cos(t)+e™ sin(t)] u(t)
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Chapter 15, Problem 37.

Find the inverse Laplace transform of:

s+4
(a) H(S)_s(s—+2)
s’ +4s+5
®) 6(s)= (s+3)s® +25+2)
pds
© Fls)=<—

10s

N G

Chapter 15, Solution 37.

(a) H(S)_i_é+i

Cs(s+2) S S+2

st4 =A(st+2) + Bs

Equating coefficients,

s: 1=A+B

constant: 4=2 A —» A=2, B=1-A=-1

2 1
H(S)=———
®) S S+2

h(t) =2u(t)—e'u(t) = (2—e")u(t)
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A Bs+C

b G(s)= +
®) ) S+3 s°+25+2

s +4s+5=(Bs+C)(s+3)+ A(s’ +25+2)
Equating coefficients,

s”: 1=B+A (1)
s: 4=3B+C+2A (2)
Constant: 5=3C +2A 3)
Solving (1) to (3) gives
ERRNE R
5 5 5

04 0.6s+1.4 04 0.6(s+1)+0.8
G(s) = +— = + 2

S+3 S +2s+2 s+3 (s+1)"+1
g(t)=0.4e" +0.6e "' cost +0.8e " sint

() fy=ePut-4)

10s As+B Cs+D
= 2 2 = 2 + 2
(s"+1)(s"+4) s +1 s +4

(d) D(s)

10s = (s> +4)(As+B) + (s> +1)(Cs + D)
Equating coefficients,

$ 0=A+C
§2: 0=B+D
S: 10=4A+C

constant: 0 =4B+D
Solving these leads to
A=-10/3, B=0, C=-10/3,D=0
D(s) — 10s/3 10s/3

?+1 s*+4

d(t) :Ecost—mcosﬂ
3 3
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Chapter 15, Problem 38.

Find f(t) given that:
s* +4s
a) F(S)=—————
@ Fs) s +10s+26
557 +75+29

) F)= 529

Chapter 15, Solution 38.

(a)

(b)

s? +4s ~ s2+10s+26—6s—26

F(s) = _
)= 705+ 26 s2 +10s+ 26
F(s) = 1 6s+26
©) =13 o+ 26

6(s+5) 4
F(s)=1-

+
(s+5)2+1*> (s+5)?+1?

f(t) = 8(t)—6e™ cos(5t)+4e™ sin(5t)

F(s) = 58> +7s+29 _é+ Bs+C
YT S(s7 +45+29) s | 87 +4s+29

552 +7s+29=A(s* +4s+29)+Bs* +Cs

Equating coefficients :

s 29=29A —— A=1

s': 7=4A+C —— C=7-4A=3
s’: 5=A+B ——> B=5-A=4

R Ly B3 1 46+2) 5
s T 145429 s (542745 (54245

f(t) = u(t) + 4e* cos(5t) — e sin(5t)
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Chapter 15, Problem 39.

*Determine f(t) if:

25 +4s% +1
F(s)=
@ F() (s> +25+17)s> +4s+20)

s’ +4
(b) F(s)= (32 +9XS2 +6s+3)

* An asterisk indicates a challenging problem.

Chapter 15, Solution 39.

_ 2s% +4s? +1 __As+B . Cs+D
T (s 4+2s+17)(s2+45+20) sP+2s+17 s>+4s+20

(@)  F()

s*+4s? +1=A(s® +4s? +20s) + B(s? +4s+20)
+C(s* + 25 +17s) + D(s* + 2s +17)

Equating coefficients :

s 2=A+C

s’:  4=4A+B+2C+D

s': 0=20A+4B+17C+2D

s 1=20B+17D

Solving these equations (Matlab works well with 4 unknowns),

A=-16, B=-1728, C=3.6, D=21
-1.6s-17.8  3.6s+21
F(s)

TS 12s+17 s 445420
C(LO)s+])  (405)(4)  (B6)Ns+2)  (345)4)

= + + +
(s+D*+4%  (s+D*+4* (s+2)*+4% (s+2)* +4?

F(s)

f(t) = -1.6e" cos(4t) — 4.05e" sin(4t) + 3.6e cos(4t) + 3.45e? sin(4t)
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) F(s) s’ +4 As+B+ Cs+D
S)= =
(s* +9)(s* +6s+3) s*+9 s?+6s+3

s?+4=A(s’+6s* +3s)+B(s* +6s+3)+C(s’ +9s)+ D(s* +9)

Equating coefficients :

s’ 0=A+C —> C=-A

s’:  1=6A+B+D

s': 0=3A+6B+9C=6B+6C ——> B=-C=A
s: 4=3B+9D

Solving these equations,
A=1/12, B=1/12, C=-112, D=5/12

12F s+1 -s+5
= +
(s) s?+9 s?2+6s+3
~6++/36-12
s24+6s43=0 —> ——=-0.551,-5.449
Let G(s) -s+5 E F
= e +
© T 246543 $+0551  s+5.449
g 45.449 150551
T 540,551 =30 T
1.133 2.133

()= 70551 515449

3 N 1.133 2.133
s?+3%2 $+0.551 s+5.449

S 1
12F(s) = Y +§-

f(t) = 0.08333cos(3t) + 0.02778sin(3t) + 0.0944 e 0> —0.1778e >4
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Chapter 15, Problem 40.

Show that

_ 4s* +7s+13 ) O B
L{(3+2)(32 +2S+5):|:|:\/Ee COS(2t+45 )+3e 2 ]U(t)

Chapter 15, Solution 40.

2
Let H(s) = 4s +27s+13 _ A N 2Bs+C
(s+2)(s“ +25+5)| S+2 = 4+2s+5

452 +7s+13=A(s2 +23+5)+B(s2+25)+C(s+2)

Equating coefficients gives:

2 4=A+B
S: 7=2A+2B+C —— C=-1
constant : 13=5A+2C ——> 5A=150rA=3, B=1
H(s) = 3 N s-1 3 N (s+1)-2

s+2 2402545 S+2 (s41)2 422

Hence,

h(t) = 3¢ et cos2t—e tsin2t =3¢ 2t +e ! (A cosacos2t — Asin o sin 2t)

where Acoso =1, Asina =1 — 5 A=42, a=45°
Thus,

h(t) = |\/5e—t cos(2t +45°) + 3¢ 2 L(t)
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Chapter 15, Problem 41.

* Let X(t) and y(t) be as shown in Fig. 15.36. Find Z(t) = X(t)* y(t).

y(@®

4
x(1)
2

0

2 4 6 8 t
0 2 4 6 t
—4
Figure 15.36

For Prob. 15.41.

* An asterisk indicates a challenging problem.
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Chapter 15, Solution 41.

We fold x(t) and slide on y(t). For t<0, no overlapping as shown below. x(t) =0.

y(4)
A
4
o4 6] 8 4
t
-4
For 0 <t <2, there is overlapping, as shown below.
y(4)
A
4
Tt 4 6 8 A
-4

Z(t) = j[(2)(4)dt = 8t
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For 2 <t <6, the two functions overlap, as shown below.
y(A)
A

4

v

2(t) = j(Z)(4)d/1 +j(2)(—4)d/1 =16-8t

For 6<t<8, they overlap as shown below.

¥(Z)

v

6
-84 =-16
2

t
+82‘
6

2(t)= [ @@dA+[@)(4d2+[(2)4)di=82 ‘t_6
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For 8<t <12, they overlap as shown below.

y(A)
A
4
A4 6] 8 10t 12 4
4
;. p 6 8
2(t) = j (2)(-4)d A+ j (2)(4)dA =-81 +81| =8t—80
t-6 6 t_6 6
For 12 <t < 14, they overlap as shown below.
y(A)
A
4
A4 6 8 10 12t
4
F 8
zt) = | (2)(4)dA =84 =112-8t
(®) tjf )(4) "y
Hence,
z(t)= 8t 0<t<?
16-8t, 2<t<6
-16, 6<t<8
8t-80, 8<t<12
112-8t, 12<t<14
0, otherwise.
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Chapter 15, Problem 42.
Suppose that f(t)=u(t)—u(t —2). Determine f(t)* f(t).

Chapter 15, Solution 42.

For 0<t<2, the signals overlap as shown below.

t-2 t 2 A

y=fO* ) =[mndi=t

For 2 <t<4, they overlap as shown below.

i 2
y(t) =t:[2(1)(1)d/1 =t], ~ =4t

Thus,
t, O<t<2

yt)y=<4-t, 2<t<4

0, otherwise
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Chapter 15, Problem 43.
Find y(t) = X(t)* h(t) for each paired X(t) and h(t) in Fig. 15.37.

x(1) h(®)
1 1h----- :

x(1)

(b)

x(0) h)

©
Figure 15.37

For Prob. 15.43.
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Chapter 15, Solution 43.

(a) For 0<t<1, x(t—A) and h(L) overlap as shown in Fig. (a).

t 22 2
y(t) = x(t)*h(t) = IO (L) dr = 7\5 - %

(b)
For 1<t<2, x(t—A) and h(X) overlap as shown in Fig. (b).

yo =1 oo a+[ oo d>»=§\i_1 ali= 20 w2

For t > 2, there is a complete overlap so that

v =], oma =2, = - @-n=1
Therefore,
t2/2, 0<t<1
-(t?/2)+2t-1, 1<t<?2
y(t) =
, t>2
0, otherwise
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(b) For t > 0, the two functions overlap as shown in Fig. (c).
y(® =x(®*h®) =] )2¢* d.= 2¢*

t
0

Therefore,
y(t)=2(1-e"), t>0

(©) For -1<t<0, x(t—2A) and h(\) overlap as shown in Fig. (d).
1

t+1 N 1 2
S(t+D)

0

t+1 22
y(t) =x(t)*h(t) = ~[> (D)() di = ?

X(t - 2) hOY

(d)
For 0<t<1, x(t—A) and h(L) overlap as shown in Fig. (e).

y(t) = IO‘ (D) di+ Il @22 dr

(t)—k—2‘1+[27n k—zj t+1—_—1t2+t+l
Y=o 2 )t T 2
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For 1<t<2, x(t—A) and h(X) overlap as shown in Fig. (f).
vy =1 0oy d+ [ me-nan

% X -1 1
Y(t):? o +(2k_?j‘12 :?tz +t+§

()

For 2<t<3, x(t—A) and h(L) overlap as shown in Fig. (g).

y(t)zf_1 H2-2) dk:(%—%z] : 0 g le

D) 2
A
1__ ........................
| | >
0 It 2 ¢ o
9)
Therefore,
(t2/2)+t+1/2, -1<t<0
-(t?/2)+t+1/2, 0O0<t<2

S |(t?/2)-3t+9/2, 2<t<3
0, otherwise
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Chapter 15, Problem 44.

Obtain the convolution of the pairs of signals in Fig. 15.38.

x(0) A h(t)
1 1

> 2 »
0 1t 0 1 t
_1 -
(@
fi) fo(0
1 1
1 1 1 >
0 1 ¢ 0 1 2 3 4 5 ¢t
_ (b)
Figure 15.38

For Prob. 15.44.
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Chapter 15, Solution 44.
(a) For 0<t<1, x(t—A) and h(L) overlap as shown in Fig. (a).
y(t) =x(t)*h(t) = J-O (A dr=t

X(t - 2)

v

For 1<t<2, x(t—A) and h(\) overlap as shown in Fig. (b).
1 t
yo=1" o a+ oma=l, - =3-2

For 2<t<3, x(t—A) and h(L) overlap as shown in Fig. (¢c).
2
y© =1 OCnd=2]2, =1-3

A A
1
0 1
-1
(b) (©
Therefore,

t, O<t<1
(t)= 3-2t, 1<t<?2
YW t28, 2<t<3

0, otherwise

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,

you are using it without permission.




(b) For t < 2, there is no overlap. For 2<t<3, f(t—A) and f,(X) overlap,
as shown in Fig. (d).

y(©) = £, £,0 = | e d

fit-2) ()

v

1
I I >
0 1 2 4 5
(e)
2 2
= M—k— ;:t——2t+2
2 2

For 3<t<5, f,(t—A) and f,(}) overlap as shown in Fig. (e).

()= .[t (D(t—2) dr =(7Lt—x—2j‘t _1
Y el 7t B

For 5 <t < 6, the functions overlap as shown in Fig. (f).

. s -1,
y(t) = L_l ()(t—A)dA= (it—TJ‘t_l = test-12

A
1
| i i Y >
(f)
(t?/2)—2t+2, 2<t<3
Therefore, y(t) = i 1/2, 3<t<5
-(t?/2)+5t-12, 5<t<6
0, otherwise
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Chapter 15, Problem 45.
Given h(t)=4eu(t) and x(t)=5(t)-2eu(t), find y(t)=x(t)*h(t).

Chapter 15, Solution 45.
y(t) =h()*x(t) =] 4e'u(t) |*[ 5(t) - 2¢'u(b) |
=4e'u(t) *S(t) —4e'u(t) *2e*'u(t) = 4e *'u(t) — 8e ™ I e°d A

=4e”'u(t) - 8te *'u(t)

Chapter 15, Problem 46.

Given the following functions

x(t)=25(t), y(t) = 4u(t), 2(t)=eu(t),
evaluate the following convolution operations.

(2) x(t)* y(t)

(b) x(t)*z(t)
(c) y(t)*z(t)
(d) y(t)*[y(t)+ 2(t)]

Chapter 15, Solution 46.

(@) x(t)*y(t)=25(t)*4u(t) =8u(t)
(b) x(t)*z(t) = 28(t)*e'u(t) = 26 2u(t)

21 t
4e [=20-e™

(c) yM*z(t)=4ut)*eu(t)= 4j e ¥dA=

(d) yO)*[y(t)+z(t)] = 4u(t) *[4u(t) +eu(t)] = 4J'[4u(/1) +eu(2)]d A

]t
2710

€ " —16t—2e 42

t
= 4[[4 +e24]dA = 4[4t +
0
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Chapter 15, Problem 47.

A system has the transfer function

H(S):( °

s+1)s+2)

(a) Find the impulse response of the system.
(b) Determine the output y(t), given that the input is X(t) = u(t)

Chapter 15, Solution 47.

B S A N B
(s+1)(s+2) s+1 s+2
s=A(s+2) + B(st1)

We equate the coefficients.

(@) H(s)

S: 1= A+B
constant: 0 =2A +B

Solving these, A =-1, B=2.

-1 2
ST
h(t) = (—e™" +2e " )u(t)
_Y®) _ s 1
(b)H(s)—X(S) s Y ()= H(8)X(9) STIEIS

3 1 ~C N D
(s+1)(s+2) s+1 s+2

Y (s)

C=1 and D=-1 so that

1 1
Y§)=————
®) S+1 s+2

y(t)=(e" —eHu(t)
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Chapter 15, Problem 48.

Find f(t) using convolution given that:

(a) F(s)= 4 -
(s +25+5)

28
®) I:(S)_(s,+1)s,2+4

PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. All rights reserved. No part
of this Manual may be displayed, reproduced or distributed in any form or by any means, without the prior
written permission of the publisher, or used beyond the limited distribution to teachers and educators
permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual,
you are using it without permission.




Chapter 15, Solution 48.

(a)

2 2
s2+25+5 (s+1)?+22
g(t) = e sin(2t)

Let G(s) =

F(s) = G(s) G(s)

f(0=L'[GGE]=] ergt-1 i

£(t) = IO e sin(2) e sin(2(t — 1)) dA,
sin(A)sin(B) = %[ cos(A — B) - cos(A + B)]

f(t) = %e't IO e[ cos(2t) — cos(2(t — 2))] di

£(t)= %cos(Zt) IO e dh— % IO e2* cos(2t — 41) dA

t 20

e e
f(t)= > cos(2t)- )

- < .[t e‘”[ cos(2t) cos(4A) + sin(2t) sin(4k)] da
0 2 o

1 ) 2 e t
f(t)= Ze “cos(2t)(-e* +1)— > cos(2t)_[) e~ cos(4)L) dr

-t
- %sin(Zt)_[: e sin(42,) d\

1
f(t) = 2 e cos(2t) (1—-e™")
t 2L

.
~ 7 oY) e
20

e
4+16

ol
(- 2cos(4n) — 4sin(4))) |

t

- % sin(2t)L

(- 2sin(4n) + 4 cos(4k))]g

t -3t t -3t

e e e e
f(t)= ?cos(Zt) — Tcos(Zt) 20 cos(2t) + 20 cos(2t) cos(4t)

-3t t

e : et .
+Ecos(2t)sm(4t)+ 10 sin(2t)

t t

e e
——si in(4t) — ——si 4t
+205|n(2t)sm(4t) 10 sin(2t) cos(4t)
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2
®) Let  XE=T. Y(s):ﬁ

x(t)=2¢"u(t), y(t) = cos(2t) u(t)
F(s)=X(s) Y(s)

£ = L' [X() Y(5)) = [0 xt -0y an
f(t) = J: cos(2A)-2e ™ da

A

1+4

f(t) = 2e" - ——(cos(2A) + 2sin(21))

f(t) = %e" [e!( cos(2t) + 2sin(2t) — 1) ]

2 4 2
f(t)=— 2t) + —sin(2t) - —e™
(1) 5cos.( )+55|n( ) 5e
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Chapter 15, Problem 49.

* Use the convolution integral to find:
(a) t*e*u(t)
(b) cos(t)*cos(t)u(t)

* An asterisk indicates a challenging problem.

Chapter 15, Solution 49.

(a) t*e™u(t) =
t t
an ai at
[le@-aydn=t"— ~ (-1 =£(eat—1)—L2—e—2(at—l)
0 a o @ 0 a a a

t t
(b) cost*costu(t) = Jcos Acos(t—A)dA :J- {costcos AcosA+sintsin AcosA}dA
0 0

t . _cosA

sin24
]| —sin
0 2

t t
= {costf%[l +cos2A]dA + sintj cos Ad(—cos /1)} = {% cost[A+
0 0

= 0.5cos(t)(t+0.5sin(2t)) — 0.5sin(t)(cos(t) — 1).
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Chapter 15, Problem 50.

Use the Laplace transform to solve the differential equation

vy, , ), 10v(t) =3 cos 2t
dt’ dt

subject to v(0)=1,dv(0)/dt = 2.

Chapter 15, Solution 50.

Take the Laplace transform of each term.

[$2 V(s) = s v(0) = v(0)] + 2[ s V(s) = v(0)] + 10 V(s) =

s +4

sV(8)—s+2+2sV(s)-=2+10V(s) =
s*+4

33 s7+7s
s +4 s2+4
s +7s As+B Cs+D
(2 +4) (s> +25410) s +4 s +25+10

(s> +2s+10)V(s) =s+

V(s) =

s?+7s=A(s’ +2s* +10s) + B(s* +2s+10)+ C (s’ +4s)+ D(s* + 4)

Equating coefficients :
s?: I=A+C —> C=1-A
s’:  0=2A+B+D
s':  7=10A+2B+4C=6A+2B+4
s":  0=10B+4D —— D=-25B

Solving these equations yields
9 12 17 -30
=5, B =5/ C - 9
26 26 26 26

1[9s+12  17s—30 |

V(s)=—
& =26l s +4 "5 425410

\V4 _ir 9s +6 2 17 s+1 47 1
ST ST R SR I

9 6 17 47
v(t) = %cos(Zt) + %sin(Zt) + %e't cos(3t) — %e't sin(3t)
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Chapter 15, Problem 51.
Given that v(0)=2 and dv(0)/dt = 4, solve

2
%+ 59 4 6v=10eu(t)

Chapter 15, Solution 51.

Taking the Laplace transform of the differential equation yields

V) - v v ()]s slves) - vion] 6V = 1—01
S+
2
or (sz+55+6)\/(s)—2$—4—10=_10 — 5 V()= 2s” +16s+24
s+1 (s+1D(s+2)(s+3)
Let V(s)= A + B + C , A=5B=0, C=-3
s+1 s+2 s+3
Hence,

v(t)=(5e”t =3¢ Hu(t)
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Chapter 15, Problem 52.

Use the Laplace transform to find i(t) for t > 0 if

i _di .
dt—2+3a+2|+5(t)=0,
i(0)=0, i"0)=3

Chapter 15, Solution 52.

Take the Laplace transform of each term.

[$21(s) = 5i(0) = i'(0)] + 3] s 1(s) = i(0)] + 21(s) + 1 = 0

(s> +3s+2)I(s)—s—-3-3+1=0

I6s) s+5 A B
= = +
; (s+1)(s+2) s+1 s+2

A=4, B=-3
1s) >
§)=——"——=
+1 s+2

i(t) = (4e* =3e?)u(t)
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Chapter 15, Problem 53.

* Use Laplace transforms to solve for x(t) in

X(t) = cost + I e*'x(1) dA

* An asterisk indicates a challenging problem.

Chapter 15, Solution 53.
Transform each term.

We begin by noting that the integral term can be rewritten as,
t (t— L . : ~
-[0 x(A)e (t=2)4) which is convolution and can be written as e X (t).

Now, transforming each term produces,

2 2

X(s) = —> +LX(S)—>(LHJX(S)= 5
s“+1 s+l s+1 s +1

s+1 S 1
X(s) = = +
s2+1 52+1 s2+1

x(t) = cos(t) + sin(t).
If partial fraction expansion is used we obtain,

x(t) = 1.4141cos(t-45").

This is the same answer and can be proven by using trigonometric identities.
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Chapter 15, Problem 54.

Using the Laplace transform, solve the following differential equation for

2- -
d—;+ 4ﬂ+5i =2e™"
dt dt

Subject to i(0)=0,i'(0)=2.

Chapter 15, Solution 54.

Taking the Laplace transform of each term gives

2l (s)—si(0)—i" i -2
[5°1(5)—si(0)=i'(0) | +4[sl(s)~i(0)]+51(s) 5

2
S*1(s)—0—-2 |+4[sl(s)-0]+5I(s) =——
[$°1(9)=0-2]+4[s1(5)-0]+51(s) = ——
I(s)(sz+4s+5):i+2:28+6
S+2 S+2
25+6 A Bs+C

I1(s)= > = +—
(S+2)(s"+4s+5) s+2 s +4s+5
25+6=A(S* +45+5)+B(s* +25)+C(s+2)
We equate the coefficients.
2. 0=

s: 0=A+B

s: 2=4A+2B+C

constant: 6 =5A +2C

Solving these gives
A=2,B=-2, C=-2

2 2542 2 2s+d) 2
S+2 S’+4s+5 s+2 (s+2)°+1 (s+2)°+1

1(s)=

Taking the inverse Laplace transform leads to:

i(t)= (2e_2t —2e " cost+2e " sint ) u(t) =2e ' (1-cost+sint)u(t)
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Chapter 15, Problem 55.

Solve for y(t) in the following differential equation if the initial conditions are zero.

3 2
d—3y+ 6d—2y+ 8d—ye*t cos 2t
dt dt dt
Chapter 15, Solution 55.
Take the Laplace transform of each term.

[s> Y(s)— 52 y(0) = s y'(0) - y"(0)] + 6] s Y(s) — s y(0) - y'(0)]

s+1
+8[SY(S)—Y(0)]—m

Setting the initial conditions to zero gives

s+1

465> +85)Y(s)= 57—
(5465 +8)Y () = 7 s e s

o) (s+1) A B C  Ds+E
S)= = —
s(s+2)(s+4)(s*+2s+5) s s+2 s+4 sP+2s+5

1 1 -3 -3 -7
A=—o, B=—, C=—, D=—, E=—
40 20 104 65 65
Y(s) 1 1+ 1 1 3 1 1 3s+7
§)=—-—4+—. — . L ———
40 s 20 s+2 104 s+4 65 (s+1)*+22
11 1 1 3 1 1 3@6+) 1 4

T40 s 20 s+2 104 s+4 65 (s+D)2+22 65 (s+1)2+22

1 1 3 3 2
)= —u(t a2t T At T At 2t _ -t o1 2t
y(t) 40u()+20e 104e 65e cos(2t) 65e sin(2t)
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Chapter 15, Problem 56.

Solve for v(t) in the integrodifferential equation

4ﬂ+12jt vdt=0
dt —

Given that v(0)=2.

Chapter 15, Solution 56.

Taking the Laplace transform of each term we get:

12
4[sV(s)—V(0)]+?V(s) =0

{45+%}V(S):8

&8s 3 2s
48> +12  s2+3

V(s) =

v(t)=2 cos( \/§t)
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Chapter 15, Problem 57.
Solve the following integrodifferential equation using the Laplace transform method:

dyt) o _ =
T+9J.0 y(Z')dT—COS 2t, y(O)—l

Chapter 15, Solution 57.

Take the Laplace transform of each term.

9
[sY®) -yO]+ - Y = 5

[s2+9jY S s’ +s+4
s )= s2+4  s*+4

Y(s) = s +s? +4s _As+B+Cs+D
VT A4 44 $249

s +s?+4s=A(s>+9s)+B(s* +9)+ C(s’ +4s)+ D(s* +4)

Equating coefficients :
s:  0=9B+4D

st 4=9A +4C
s?: 1=B+D
s I=A+C

Solving these equations gives
A=0, B=-4/5, Cc=1, D=9/5

—4/5 s+9/5 -4/5 S 9/5
~ 2 2 2 ) T
s“+4 s°+9 s°+4 s°+9 s°+9

Y(s)

y(t) = - 0.4sin(2t) + cos(3t) + 0.6 sin(3t)
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Chapter 15, Problem 58.

Given that
%+2V+5j; v(A)d2 = 4u(t)

with v(0) = 1, determine V(t) for t > 0.

Chapter 15, Solution 58.

We take the Laplace transform of each term.

[SV/ ()= V(0)]+2V (s)+ %v (s) = %

5 4 4-s
[sV(s)+1]+2V(s)+gV(s)_g — V(s)—82+28+5
_ —(s+D)+5  —(s+1) 5 2
V(S)_(s+1)2+22_(s+1)2+22+é(s+1)2+22

V(t) = (—e ' cos 2t +2.5e " sin 2t)u(t)
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Chapter 15, Problem 59.

Solve the integrodifferential equation

dy t 2t _
E+4y+3_|'0 ydt=6e, y(0)=-1

Chapter 15, Solution 59.

Take the Laplace transform of each term of the integrodifferential equation.

3 6
[sY(s)- y(0)]+4Y(s)+ YO =

(s +4s+3)Y(s) = 8(5—06—2 —1)

Y(s) = s(4-5s) B (4-5)s

> C(s+2)s2+4s+3)  (s+D(s+2)(s+3)
V(o) A . B .\ C

(S)_s+1 s+2 s+3
A=-25, B=12, C=-105
Y(s):_2'5+ 12 105

s+1 s+2_s+3

y(t) ==2.5e" + 127 — 10.5¢”*
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Chapter 15, Problem 60.

Solve the following integrodifferential equation

2%+5x+3jt x dt+4 = sin 4t, x(0)=1
dt 0

Chapter 15, Solution 60.

Take the Laplace transform of each term of the integrodifferential equation.
4

s?+16

3 4
2[sX(s) - x(0)] + 5X(s)+ - X(s)+ =

4s 2s% —4s? +36s— 64

(25" +55+3)X(5) = 2~ 4+ 5= T

2s® —4s? +36s — 64 s’ —2s% +18s—-32

X = =

) = 2 155+ 32 +16) _ (54 D5+ 15)(5* 1 16)
oo A, B CseD

Vet 5415 s 416

A=(s+1)X(s)|,_, =-6.235
B=(s+1.5)X(s)_, ;s =7.329

When s=0,
-32 B D
_+_

2 A ., D=02579
15016 1516

§?—2s*+185—32=A(s* +1.5s* +16s+24) + B(s* + s> +16s +16)
+C(s® +2.58* +1.58) + D(s* + 2.5s +1.5)

Equating coefficients of the s’ terms,
I=A+B+C —— C=-0.0935

-6.235 N 7.329 o 0.0935s+0.2579
s+1  s+1.5 s> +16

X(s) =

x(t) = -6.235e™" +7.329e ™" —0.0935c0s(4t) + 0.0645sin(4t)
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